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SUMMARY 

The dry heat resistance of Bacillus a u b t i l i s  var. niger spores 

encapsulated in L u c i t e  rods a t  an inoculum of approximately 1 x 108 

spore8 per gram a d  exposed t o  temperatures of 105, 120, and lao C 

was determined. The D values and the i r  corresponding 95% confidence 

intervals were found to range respectively: DlO5 = 1 , Z  t o  1.3 days, 

95% C . I .  of 1.1 t o  1.5 days; DlZ0 = 5,9 t o  6.2 hours, 95% (2.1. of 

5.0 t o  6.8 hours; D 

minutes. 

the D values from a l l  temperatures stud&@ to date. The slope of 

t h i s  curve over the temparature range of l 0 S e C  t o  160. C yielded 

= 4.6 to 4.8 minutes, 95% C.I.  of 3.8 to 4.9 
160 

A Decimal Reduction Time curve was  constructed employing 

a value of 5 = 20.8 Centigrade degrees. 
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EXPERIMENTAL 

ECOLOGY AloD T€JEIWU INACTIVATION OF MICROBES I N  

AND OH PB'IERPLANETARY SPACK VEHICLE COMPONENTS 

HWTRODUCTION 

I n  keeping with the suggestione of the Interplanetary Quarantine 

Office, additional expdkiments were performed t h i s  quarter on the dry 

heat resistance of Bacillus 8ubtFlis var. niger encapsulated i n  Lucite 

to  obtain a D e c a l  Reduetion Time curve ( a  ) over the temperature range 

of 105. C to 160. C.  

curve reported i n  the F i f th  Quarterly Report of Progress was  wide ($.4 

Centigrade degrees) due to the ldsnfbed number of experimental values re- 

ported, additional data  points were collected to  note whether the 95% 

confidence interval  would be mrr-d and whether the linear order uf 

death would continue throughout the wider temperature range. 

D 
Because the 95% confidence interval  for the 2~ 

The procedures employed for  inoculating methyl methacrylate powder, 

fabr icat ing p l a s t i c  radsp performing the heating trials, and enumerating 

the viable  spores i n  the  heated rods were ident ical  t o  those described 

in the  F i f t h  Quarterly RepQrt of Progress. 

- 

tilis var. niger (Bo globigii) spore8 en- 

capsulated in  L u c i t r  r6dro 

The p lo ts  of the survival point8 for p. g l o b i g i i  spores encapsu- 

la ted i n  L u c i t e  (approximately 1 x lo8 spores per gram) and heated a t  



. 
. 

105, 120, a d  160. C are shown in Figures 1, 2, and 3. The points i n  

these p lo t s  represent the p l a t e  count values obtained from paired p l a s t i c  

I rods sampled a t  each in te rva l  i n  duplicate experiments. 

In performing l inear  regressions of these survival points, a l l  

da ta  were included since the rate of die-off during the i n i t i a l  stages 

of the heat treatments was not as rapid as tha t  reported upon earlier 

for  115, 125, and 135. C. Consequently, l inear  regressions were 

ealeulated from a l l  the survival points obtained a t  105, 120, and 

160. C and are presented i n  Figures 4 through 9. As has been customary 

in pas t  reports, the per cent sum of $quare& due t o  l inear  regression 

(R5 are presented and these values are comparable t o  those reported 

The I) values and corresponding 95% confidence in te rva ls  for  the 

dupl icate  experiments per forud  t o  d a t e  for  each temperature are shown 

in Table I. 
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TABLE I 

D Values for Bac i l lu s  subtilis var. aiger encapsulated 

i n  Lucite rods 

15.6 hours 
15 -1 hours 

5.9 hours 

3 . 1 hours 
3,4 hours 

135 1.4 hours 
1.3 hours 

160 408 minutes 
4.6 minutes 

95% Conf idcnce 
Interval  

1.1 t o  1.4 days 
1.1 to  1.5 days 

13.4 t o  17-8 hours 
13.7 to 16.2 hours 

5.6 t o  6.7 hours 
5.0 t o  6.8 how8 

2,5 to  3.6 hours 
2,9 t o  3.9 hours 

1.3 to  1.5 hours 
1.2 t o  1.4 hours 

4.6 to 4.9 minutes 
3.8 t o  4.6 minutes 
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The e value was calculated from a l b a r  regression of the semi- 

logarithmis plot  of D values and their  corresponding temperatures and is 

presented in Figure 10, 

a measure of the temperature coefficient for the change in r a t e  of 

destruction with temperature. 

grade degrees) for the e value obtained when a l l  the D values were 

plotted did not change appreclbably from tha t  reported last quarter 

(8.4 Centigrade degrees) for a similar p lo t  of D v a l u e  for the tem-  

peratures 115, 125, and 135. C. On the other had, the value of z d i d  

increase from 18,5 t o  20.8. 

D 

The % value i e  20.8 Centigrade degrees and is 

The 95% confidence interval  (8.Q Centi- 

D 

D 

A t  a l l  temperatures tested to date, with the exception of 160' 

6, the thermal l ag  for the heat-up and c o o l - d m  of Lucite rods has 

ranged between 0.09% and 3.QX of the t o t a l  experimental exposure time. 

For t h i s  reason9 no corrections for thermal lag have been applied to  

the D valrses obtained at 105> 185, 120, 125, a d  135' C. The thermaii 

lag of L u c i t e  rods heated a t  160. C repreeents, hcwever, approximately 

55% of the t o t a l  experimentaf t h e  period a d  a eorfectfon for the 

D value obtained a t  t h i s  temperature is ne~essary. 

rect ion was not applied to  the values for 160' C shown ia Sable I[ and 

Figure 18, it i s  expect& that  the corrected % value w i l l  decrease 

from tha t  reporteal here. The corrected values fm D 160. C and 5 
wflb be reported as soon as the calculations a re  saglipleted. 

interim the elope of the D e s b a P  Reduction Tbm curve r s h m  in Figwe 

10 may be used as a tentat ive guide t o  establishing dry heat cycles 

with dome degree of safety. 

Though the cor- 

I n  the 
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PROJECTED RESEARCH FOR SEvEHLlti QUARTER 

During the next quarter continuing efforts w i l l  be maintained to 

develop and evaluate a system for recovering spores from epoxy resins 

and to obtain D values for E .  subtll is  var. aiger spores encapsulated 

in such resine. 

REFERENCES 

1. Fifth Quarterly Report of Progreas, Apri l  - June 30, 1966, NASA 

Research Project R-36-015-001. 

- 6 -  



'o~ooo~ooo k 8 

1 1,000,000 

I I00,000 
v) 
pc 
0 

> 
pc 
3 
v) 

1 

10,000 
0 
pc 
w 
m 
aE 
a 
z 

1 1,000 

t 
l o l l  IO 

F i g .  1 
I00,000,000 t , I 1 I I I I 

0 

a 
8 

0 

0 0 

8 

8 

0 

0 
0 

EXPERIMENT I 
EXPERIMENT II 
NO DETECTABLE 
S U RV I VOR S 

0 

0 

0 
0 

E X P O S U R E  TIME, d a y s  

S U R V I V O R  C U R V E  O F  B a c i l l u s  s u b t i l i s  v a r .  
niu SPORES E N C A P S U L A T E D  I N  L U C I T E  A N D  

E X P O S E D  T O  A D R Y  H E A T  T E M P E R A T U R E  OF 105" C. 



I,000,000,000 

100p00,o0o 
I 

1 

VI 
w 
0 

> 
w 

VI 
Y 

1 
a 

0 
w 
Y 
m 
si 
a 
z 

1 

I 

E l0,000,000 

I 1 

8 la i 

1,000,000 

E I00,000 

E l0,OOO 

I.000 E 

i 
0 

0 

0 

0 

Q 
0 
0 

o EXPERIMENT 2 

1 NO DETECTABLE SURVIVORS 

a . 

0 
a 

0 
a 

E X P O S U R E  TIME,hourr  

C!jRV!VnR CURVE OF 5g.iIllJs s l lh t i l i s  v n r .  !li&l%r 

SPORES ENCAPSULATED IN LUCITE A N D  EXPOSED T O  A DRY 
HEAT TEMPERATURE OF 120' C. 



Fie. 3 

I 1 

r- 1 

L l00,000,000 

8 

I 
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Fig. 9 
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